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Abstract 

Color-color diagrams have been useful in studying the spectral shapes in radio 
galaxies. At the workshop we presented color-color diagrams for two wide-angle 
tails, 1231-1-674 and 1433-1-553, and found that the standard aging models do not 
adequately represent the observed data. Although the JP and KP models can ex- 
plain some of the observed points in the color-color diagram, they do not account 
for those found near the power-law line. This difficulty may be attributable to 
several causes. Spectral tomography has been previously used to discern two sepa- 
rate electron populations in these sources. The combination spectra from two such 
overlying components can easily resemble a range of power-laws. In addition, any 
non-uniformity in the magnetic field strength can also create a power-law-like spec- 
trum. We will also discuss the effects that angular resolution has on the shape of 
the spectrum. 



1 Introduction 



We examine the relativistic electron populations in two wide-angle tails 
(WATs): 1231+674 and 1433+553. Previous analyses (Katz-Stone et al. 1999) 
have identified two apparently distinct populations of relativistic electrons: 
a fiat spectrum 'jet' and a steep spectrum 'sheath'. The overall question for 
this research is: Can the current aging models account for all of the observed 
spectra? 
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2 Technique 

We apply two techniques previously developed by Katz-Stone and Rudnick 
(Katz-Stone, Rudnick, & Anderson 1993, Katz-Stone & Rudnick 1997) to 
three frequency observations (AA 20, 6, and 3.6 cm) taken from the Very 
Large Array: spectral tomography and color-color diagrams. In this paper, a 
is defined as 1 oc t/". 

Spectral tomography is a technique designed to isolate overlapping structures 
with unique spectral indices. Two tomography galleries of images are con- 
structed from pairs of frequency maps where (e.g.): 

-^t — -^20cm — (i^20cm/i^6cm)'^* * -^6cm 

Slices are taken on each image in the tomography gallery at the same position. 
The spectral index (cct) of the structure (e.g. the jet) is determined when the 
jet disappears at 1^ — background level. 

Color-color diagrams are plots of spectral index at one pair of frequencies 
vs. spectral index at another pair of frequencies (Katz-Stone, Rudnick, & 
Anderson 1993, Rudnick ????). As such, only three frequencies are needed 
to plot the local curvature of the spectrum. The locus of different power-law 
spectra would lie along the line where a\ = a^. Plotted on the color-color 
diagram in Fig. 2 are the WAT data for 1231-1-674 and the three standard 
aging models of a synchrotron spectrum. The continuous injection (CI) model 
assumes that relativistic electrons are constantly supplied into the system. 
The Jaffe & Perola (JP) model scatters the relativistic electrons in order to 
maintain an isotropic pitch angle distributions. The Kardashev & Pacholczyk 
(KP) model maintains a constant pitch angle for the relativistic electrons. 



3 Results and Summciry 

Although the current aging models cannot account for the observed spectra for 
all positions in 1231+674 or 1433-1-553 (not shown here), both sources exhibit 
similar spectral characteristics: 

(1) What is the injection spectrum of the jet? 

The spectral indices for the jet points (closed circles) in 1231+674 
were obtained from the tomography slices. The injection index of the flat 
spectrum component (jet) follows a power-law with a spectral index of 
a ^ -0.55 ± 0.05. The PR I galaxy 3C449 (Katz-Stone & Rudnick 1997) 



2 



Spectral Index (6 cm to 20 cm) 




Fig. 1. Each point in the image plane (A 20cm) of 1231+674 on the left has a 
counterpart in the color-color diagram to the right. 

Fig. 2. Color-color diagram of 1231+674 on the right. 

Table 1 

Mean spectral curvature for 1231+674 and (1433+553) at various resolutions. 



Source 


2.7" (2.9") 


10.8" 


(11.6") 


Full Integration 


1231+674 


0.142 ± 0.23 


0.10 


± 0.35 


0.07 ± 0.006 


(1433+553) 


0.038 ± 2.96 


0.025 


± 0.37 


-0.057 ± 0.007 



also shows a similar injection spectrum of a ~ -0.53 ± 0.01. No steepening 
of the jet's spectrum can be seen up to 56 kpc for 1231+674 and 29 kpc 
for 1433+553. 

(2) How do the spectral shapes change with resolution? 

The full integrated spectrum (open circle), lies close to a power-law 
(Figure 2 & Table 1). However, this integrated spectral index ^ ainject (~ 
-0.55). If we convolve the maps to a lower resolution than shown here in 
Fig.l, the observed spectra lie close to the power-law line with a broad 
range of power-laws. This is due to the mixing of spectral components. 
Again, there is no relation to the apparent injection index [a -0.55) of 
the jet. If we observe at higher resolution, it may be possible to determine 
the intrinsic shape of the spectrum for isolated components. 

(3) What is the relationship between the spectral shapes and the local struc- 
ture of the WATs? 

The squares (sheath), obtained from a straight division where a = (In 
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Ii I In l-i) I (In v\ I In z/2), were selected based on their low surface bright- 
ness. This 'sheath' population (as defined by Katz-Stone et al. (1999)) 
appears to represent a roughly separate spectral population in the color- 
color diagram. In the color-color diagram, we find that the squares are 
largely consistent with a single JP spectrum with an injection index of 
~ -0.5 as measured for the jet. Therefore, the criterion of low surface 
brightness appears to be a reliable indicator of an isolated spectral pop- 
ulation. The triangles, also obtained from a straight division, represent 
every other location on the WATs. However, they are not consistent any 
of the standard models. They can be simply understood as an apparently 
broader spectrum caused by a varying mixture of fiat spectrum jet and 
steep spectrum sheath components. 

Everywhere else in both WATs, the spectral shapes are due to either 
a mixture of relativisitic electron populations or inhomogeneities in the 
local magnetic field (Tribble 1993, Tribble Preprint). A single KP or 
JP model is consistent with many of the spectral regions if we allow 
for these conditions. In addition, an empirical model presented in Katz- 
Stone, Rudnick, & Anderson (1993) for Cygnus A can also represent 
much of the spectral shapes seen in the color-color diagrams. For both 
1231-1-674 and 1433-1-553, the JP model (with ctinject ~ -0-5) serves as an 
approximate boundary for the maximum curvature seen in the spectrum. 

Alternatively, the observed spectra may be explained by using two 
homogeneous but distinct electron populations. In this scenario, the jet 
and sheath begins with different injection indices. Both 1231+674 and 
1433-1-553 would have ajet ~ -0.55 while ccgheath ~ -1-0 and -0.85 respec- 
tively. Future work will include further discussions about these population 
alternatives and the implications our results may have on current aging 
analyses. 

This work is supported by NSF grant AST 96-16964 to the U. of Minnesota. 
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